In the carotid nerve, the emission of chemoreceptor impulses together with baroreceptor ones was confirmed. The latter were discharged only by a rise in blood pressure, while the former were discharged spontaneously and at random.
In perfusion experiments, lobeline, sodium cyanide and oxygen lack were found to increase the chemosensory activity.
The chemoreceptor stimulations caused an excitation of respiration, indicating that the carotid labyrinth plays an important role in the regulation of respiration in the toad. In small portions of the carotid labyrinth which were still able to send the impulses to the carotid nerve, there was confirmed the existence of a small number of special cells located in the vicinity of small blood vessels, which resembled in structure the mammalian carotid body cells.
The carotid labyrinth of the toad is entirely different in its structure from the carotid body of the mammals. Hitherto, it has been attempted to correlate the function of the carotid gland of amphibia with that of the mammalian carotid body. Meyer1 showed that the stimulation of the central end of the glossopharyngeal nerve caused a slight fall of blood pressure in the forg. Neil et al.2 reported that the carotid bifurcation and the carotid gland in the frog were the sites of the origin of stretch receptor fibers which join to the glossopharingeal nerve. According to their observation on the impulse activity, these fibers behaved in a manner similar to those of the carotid sinus nerve of the mammals. These experiments indicate that the carotid labyrinth region has a baroreceptor func tion. On the other hand, Neil et al.2 reported that any response produced by chemoreceptor was not observed by lobeline administration. Chemoreceptor function is not yet established. In the carotid labyrinth of the frog, however, de Boissezon3 and Chowdhary4 found the cells analogous to the mammalian carotid body cells. Smyth5 described that in the frog the respiratory responses to relative anoxia tended to disappear after denervation of the region of the carotid labyrinth. These physiological and anatomical observations suggest that the che moreceptor exists in the carotid labyrinth.
Employing Bufo vulgaris, a kind of toad, we have performed the following experiments to give light on the existence of the chemoreceptor in the carotid labyrinth. A preliminary report of this study was given to the 23rd congress of IUPS of Tokyo in 1965.
METHODS
Toads, Bufo vulgasis, weighing 200-300g were usedin our investigation. The toads were pithed in most experiments. For studying reflex action the animals were anesthetized with urethane (0.1g/100g of body weight) ; sometimes ether was inhaled little by little until the voluntary movement stopped. The toad was fixed on its back. The skin and the sternum were cut in a median line up to the chin. The sternohyoideus muscle was severed between ligatures and the omohyoideus muscle was removed. The internal mandibular vein was cut between ligatures. The external carotid artery was ligated. The toad was heparinized at a dose of 0.05mg per 100g of body weight to prevent blood coagulation. A cannula connected with the perfusion apparatus was inserted into the common carotid artery. A very thin nylon tube was inserted into the internal carotid artery. The carotid labyrinth was perfused with Ringer's solution from the common carotid artery to the internal one and the perfusate was flowed out from the latter Bufo vulgaris. c.1. carotid labyrinth; c.n., carotid nerve; v.br., vagal branch, l.n., laryngeal nerve; a., aorta, a.t., aortic trunk; c.c.a., common carotid artery; e.c.a., external carotid artery; i.c.a., internal carotid artery; p.c.a., pulmo cutaneous artery. Broken line indicates the nerve which was observed in a few instances, in addition to the carotid nerve.
without leakage. The perfusion pressure was about 30cm H 2O, which was lower than the normal blood pressure of the toad . The artificial distension of the carotid labyrinth was performed by injecting Ringer's solution through the common carotid artery, after the ligation of the internal carotid artery . Ishida6 reported a full detail of the histological composition of the carotid labyrinth. Neil et al.2 reported that the so-called carotid nerve , a branch of the glossopharyngeal nerve, innervated this organ. According to our observation, the carotid labyrinth is innervated with two kinds of nerves , namely one is the carotid nerve which joined to the glossopharyngeal nerve, and the other is a vagus branch which connects with its trunk at the outlet of the cranial nerve , as shown in Fig. 1 . The former is very fine and visible only under the magnifica tion of 8-10 times. The latter is a little larger than the former.
The carotid nerve was separated from the surrounding tissues carefully , and was cut at the central part. The afferent action potential induced by a pair of platinum electrodes (0.5mm in diameter and 2-3mm in distance) was led to the cathode ray oscillograph through a high sensibility amplifier. Sometimes , a counting rate meter was used to examine the time course of the frequency of impulses. The blood pressure from the subclavian artery was recorded by means of a tambour through the water sphygmomanometer on the smoked paper. The respiration represented by the movement of the larynx was also recorded.
Ringer's solution used in this experiment had the following composition; NaCl , 0.65%; CaCl2, 0.02%; KCl, 0.02%; Glucose, 0.2%; and NaHCO3, 0.02%;. The solution was maintained at pH ranging from 7.2 to 7.4. For this purpose, we had to increase the concentration of NaHCO3 sometimes. 2. Responses to the artificial distension We distended the carotid labyrinth artificially with Ringer's solution. By raising the pressure from 0cm H2O to 95cm H2O, spontaneous discharge stopped immediately and the high voltage impulses appeared (Fig . 3A) . The high voltage impulse discharge did not continue longer, despite the maintenance of pressure at a high level (Fig. 3B ). When the pressure returned to the initial level, the spontaneous low voltage impulses appeared again at once (Fig. 3C ). The high voltage impulses fired along with the rapid elevation of the pulsatile pressure (Fig. 3D) . Therefore, it may be considered that they are originated from the baroreceptor which is rapid adaptive. The distension pressure necessary to provoke the responses was higher than the normal blood pressure which was usually in the range between 40cm H2O and 60cm H2O, and the baroreceptor The depression of chemoreceptor activity caused by distension may be attributed to an increase of oxygen supply and to the removal of metabolic substances stimulating the chemoreceptor, as a result of canalization of the capillaries which had been closed previously.
3. The reflexes on blood pressure and respiration caused by distension of the carotid labyrinth The pressure in the carotid labyrinth was raised by pulsatory distension. Contrary to our expectation, the systemic blood pressure did not fall remarkably, although the baroreceptor function was already confirmed by Neil et al.2 and the baroreceptor impulses were provoked by such stimulation in our experiments (Fig. 4) . The reason for the absence of response to the change in blood pressure is obscure. Partly it may be due to the anesthetization, which was difficult to be controlled. On the other hand, the lung movement left off without delay by distension and kept on ceasing during the distension. It set in at once by release. The reflex inhibition of respiration will be explained by the fact of inhibition of chemoreceptor actvity which was described in the preceeding chapter. Occasionally, we took notice that the respiration stopped for a time after denerva tion of the carotid labyrinth. These facts suggest that the carotid labyrinth plays an important role in the control of respiration of the toad. Then we have attempted to study the chemoreceptor function of carotid labyrinth in details by means of perfusion experiments.
Perfusion experiments of the carotid labyrinth
Ringer's solution for perfusion of the carotid labyrinth was introduced through a very thin nylon tube into the common carotid artery and flowed out from the internal carotid artery.
Effects of NaCN and lobeline on the chemoreceptor discharge: It is well known that the chemoreceptor activity can be elicited by NaCN.7 So we added 0.7mg/ml of NaCN to the perfusion fluid. In a few seconds after the application of NaCN, the carotid nerve discharge increased vigorously (Fig.  5B) . The increased discharge continued for a considerable time. The effect of 0.1 mg/ml of lobeline sulphate was tested in the same way. The carotid nerve activity intensified (Fig. 5C ), but the increase in the discharge continued only for a short time and was followed by decrease. Effects of NaCl at various concentrations in perfusion fluid:
The perfusion experiments showed that sodium withdrawal lowered the receptor activity. When the carotid labyrinth was perfused by a solution of lower NaCl concentration than that in Ringer's solution, the spontaneous discharge decreased slowly. With further reduced concentration of NaCl, the activity decreased more rapidly, and the spontaneous firing in most cases stopped within a few minutes when NaCl-free solution was applied. Fig. 6 indicates the maximal discharge of the carotid nerve at various concentrations of NaCl in Ringer's solution. The osmotic pressure was compensated with glucose to make equal to that of Ringer's solution. Sometimes we observed that much difference in frequency of the spontaneous discharge was produced by the difference in NaCl concentration between 0.65% and 0.60%. By replacement to Ringer's solution the firing frequency returned rapidly to the original level. On the contrary, the excess of sodium increased the receptor activity. In this case there arises the question whether this effect was caused by the change of osmotic pressure. But high osmotic pressure produced by addition of glucose to Ringer's solution did not bring about an increase of discharge. Therefore, it seems very likely that the increase of discharge is not due to osmotic effect. We are inclined to consider that NaCl is responsible for the excitability level of the chemoreceptor.
The responses of the carotid labyrinth to oxygen lack: Smyth5 showed that the respiration of the frog was stimulated by oxygen lack. If the chemoreceptor activity of the carotid labyrinth is comparable to that of mammalian carotid body, this organ should respond easily to oxygen lack. The carotid labyrinth was perfused with Ringer's solution equilibrated by 100% nitrogen. The result was illustrated in Fig. 7A . At the first arrow the perfusion fluid equilibrated with 100% nitrogen was exchanged for one which was equili brated with 100% oxygen. The number of impulses was increased from about 10 cycles/sec to 30 cycles/sec. By replacement of solution at the second arrow the frequency returned gradually to the initial level. In perfusion fluid equilibrated with 100% oxygen the impulses did not disappear completely. In the toad with A, Ringers solution equilibrated with 10000 02 was exchanged by that equilibrated with 100% N2. B, NaCN (0.3mg/ml) was added to the perfusing Ringer's solution. C, 296 NaCl solusion was applied. 
DISCUSSION
The experiments described in this paper were attempted to establish chemoreceptor function in the carotid labyrinth of the toad. As a result, we have confirmed Neil's opinion that the carotid labyrinth represents an early development of the stretch receptor as well as chemoreceptor mechanism in mammals.
Firstly, we observed spontaneous discharge in the carotid nerve. This discharge was recorded even at a pressure of 0cm H2O in the carotid labyrinth, or in the isolated preparations. The intervals between each successive impulses of unit discharge were distributed exponentially. There are many reports on the randomness of the discharge of the chemoreceptor fibers. Eyzaguirre and Lewin8 noticed aperiodic discharge in a single fiber of their isolated chemoreceptor preparation of cats. Biscoe and Taylor9 reported that the intervals of impulses in a single chemoreceptor fiber of the carotid sinus nerve of the cat were distributed according to an exponential curve. Eyzaguirre and Koyano10 further confirmed it. Therefore, we consider that these spontaneous impulses originate in the chemo receptor in the carotid labyrinth.
By artificial distension of the carotid labyrinth its spontaneous firing vanished completely and was replaced by high voltage impulses. These high voltage impulses appeared in accordance with the elevation of pressure in the carotid labyrinth by pumping. They were considered to be barosensory. These findings are in keeping with Neil's observation that the carotid nerve discharge was elicited by high blood pressure, and the carotid labyrinth was the site of the origin of baroreceptor fibers. However, we did not notice any remarkable change in systemic blood pressure by distension. In addition, the pressure required to bring about baroreceptor discharge was far higher than the normal blood pressure. The role of this baroreceptor in controlling blood pressure is for the present obscure.
In perfusion experiments, the chemoreceptor activity was increased by lobeline, sodium cyanide, and oxygen lack. These results indicate that the chemoreceptor in the carotid labyrinth responds in the same way as mammalian carotid body.' The chemoreceptor activity was also influenced by sodium chloride concentration in Ringer's solution. When NaCl concentration was over 1%, the chemoreceptor impulses increased remarkably. These effects were not attributable to the osmotic one, because no reponse was observed when the osmotic pressure of perfusion fluid was raised by addition of glucose. Sometimes, the difference of NaCl concentration between 0.65% and 0.60% in Ringer's solution provoked remarkable changes in discharge. The concentration of NaCl may be responsible for the level of excitability of the chemoreceptor.
Smyth5 observed that the respiratory response of the frog had a tendency to disappear after denervation of carotid labyrinth. When the carotid labyrinth was stimulated by chemical substances such as NaCN, the lung movements became intense. In addition, the distension of the carotid labyrinth depressed both the respiration and chemosensory discharge. Landgren and Neil11 reported that the chemoreceptor fiber discharge was intensified in cats by hemorrhage. Gernandt et al.12 demonstrated that a rise of arterial pressure by adrenaline injection provoked a marked reduction of chemoreceptor activity. In connection with the responses of the carotid body to stagnant hypoxia, Joels and Neil13,14 discussed the mechanisms of chemoreceptor activity in high or low blood pressure. We assume that the distension may cause canalization of small vessels resulting in better oxygen supply and removal of metabolite accumulation on carotid chemoreceptor. Consequently, chemosensory impulses will disappear and respira tion will cease. It may be inferred from our results that the chemoreceptor in the carotid labyrinth play a role in the regulation of respiration in the toad.
The special cells in the carotid labyrinth have been observed by many in vestigaators.7,15 De Boissezon described,3 in the pars capillaris, the cells with large clear nuclei and clear vacuolated cytoplasma, which he regarded to be comparable to the clear cells of the carotid body of mammals. Chowdhary4 also identified the cells in the carotid labyrinth of Rana tigrina with the mammalian carotid body cells. We have found a small number of special cells in a very small preparation which had been still able to send chemosensory impulses. It seems that small accesory cells wre attached to these special cells. According to de Kock,16 some of the chemoreceptor cells in the mammalian carotid body are accompanied with accessory cells. Since the chemoreceptor cells are different from other cells in structure, we cannot doubt that these special cells are chemoreceptor cells firing chemosensory fibers in the carotid nerve of the toad.
From physiological and histological viewpoints, it may be concluded that the chemoreceptors exist in the carotid labyrinth and function similarly to those in the mammalian carotid body.
